Wireless sensor networks (WSNs) 
the collected data more concise. Last, it handles emergency events very well, e.g., earthquake or other disasters. Thus, WSNs are suitable for large-scale deployment. It can not only improve the precision and density in space and time of the meteorological observation but also can extend the existing intensive meteorological observation. Furthermore, it can be rapidly deployed when the infrastructure is lacked or destroyed and can provide emergency intensive meteorological services.
Currently available sensor nodes have some similarities in the structure, such as Berkeley Motes, Sensoria [3] WINS, MIT µAMPs, InteliMote [4] , Tmote [5] , TinyNode [6] , XYZ of the Yale University and smart-its BTNodes node [7] . Based on different application fields, these sensor nodes choose different core processor units and RF communication chips as described below. First is the selection of core processor units. MSP430 [8] microcontroller has the characteristics of ultra low power consumption, such as Tmote. But a node with a super processor is better at handling large amounts of data, suitable for high speed communication in a complex environment. And it has powerful data processing ability, such as Imote2 and XYZ node [9] . It is a kind of preferred proposal that using ATMega128L chip processor with fast processing and low consumption. Second is the selection of RF communication chips. Nodes working at 2.4GHZ with 802.15.4 [10] communication protocols or Bluetooth communication protocols are widely used in wireless sensor networks. Its MAC communication protocol layer is solidified in the module, thus makes it simple to operate and does not need further development any more, such as Micaz [11] , Tmote, Imote2 [12] , XYZ node and BTNodes. But it has more advantages over communication distance when using other low frequency RF chips. In addition, a new MAC protocol can be developed to meet their requirements.
In order to realize the meteorological observation in WSNs, a series of challenges must be solved. First, due to the small size, sensor nodes usually carry limited energy, which is unrealistic to recharge or replace their batteries. Second, the computation and storage capacity of sensor nodes is also limited. A wireless sensor node is a tiny embedded device so that the node computation capability is weak and its storage capacity is relatively small. In order to accomplish various tasks, wireless sensor nodes need to monitor the data collection and data conversion, process the data and control the nodes to run. How to use the limited resources to complete the various tasks becomes a key concern in the design of wireless sensor nodes. In addition, wireless sensor nodes are faced with the interface mismatch problem when they are connected to professional meteorological sensors. Finally, the communication capability is limited. Many obstacles on the ground interfere with the node signal and interrupt the communication. Moreover, the existing wireless sensor nodes are unable to meet communication distance requirements of intensive meteorological observation.
In this paper, we combine the solar power with battery power to make up the limited energy resources. We designed the dual-processor to solve the limited storage capacity and computation speed. The core processor NANO130 with 32 bit ARM kernel is responsible for complex data collection and processing, and the processing speed can reach 100MHz. The coprocessor ATMega128L with low power and 8 bit AVR kernel is responsible for data transmission. We provide the sampling function of RS485 signal type, SDI-12 signal type, differential analog signal type and digital signal type. Then wireless sensor node can be directly communicating with the meteorological sensors. In order to satisfy the requirements of meteorological data collection in transmit distance, we design a dual-band data transmission mechanism which combines 915MHz band with 2.4GHz band. The 915MHz module uses CC1101 as its RF chip and CC1190 as its RF front-end power amplifier. Its power is up to 25dBm and the highest sensitivity can be increased to 6dB. The effective communication distance can reach 3 kilometers. The 2.4GHz module adopts CC2520 chip as its RF chip and CC2591 as the front-end power amplifier. The output power is up to 22dBm and the effective communication distance is up to 1.5 kilometers. The wireless sensor node can switch the radio frequency band in time according to the surrounding environments to achieve different distance transmission.
In this paper we aim to design nodes that consume low power and have a lower overall cost when compared to commercially available ones. We have evaluated and selected components which fit our basic requirements of low cost, small size and high processing speed. The remainder of this paper is organized as follows: Section 2 explains the design of the hardware circuit. Section 3 deals with the software design of the nodes. Section 4 gives the performance test of this new WSN node. The paper is concluded in Section 5.
The Design of Hardware Circuit

The Design of Meteorological Sensor Node
1) The wireless sensor node consists of a sensor module, a processor module, a wireless communication module and a power supply module [13] , as shown in Figure 1 .
Figure 1. Internal Structure of the Node
The prototype of the new meteorological sensor node is shown in Figure 2 .
Figure 2. New Meteorological Sensor Node
2) The sensor module is composed of an internal temperature and humidity sensor SHT15 and professional meteorological sensors such as a temperature and humidity sensor CS215-L15, a Pyranometer CMP11, a wind direction sensor NRG #200P and a wind speed sensor NRG #40C. The sensor module collects the regional meteorological data and converts them in a suitable format.
3) The processor module is composed of a data acquisition chip NANO130 and a data transmission chip ATMega128L. They jointly control the node to store and process the transferred data and transfer them to the other nodes. NANO130 is connected with the professional meteorological sensors and collecting the sensor data. ATMega128L is connected with RF module and responsible for transmitting data.
4) The wireless communication module is composed of two parts. One part is 2.4GHz band communication equipped with CC2520 and CC2591. The other part is 915MHz band communication equipped with CC1101 and CC1190. They can switch the radio frequency automatically based on the environment changes and the residual energy. 5) Energy supply module consists of two parts: One part is the three dry batteries. The other part is the solar energy power supply module. They provide the energy of the node together.
ATmega128L connect with 2.4GHz [14]
ATMega128L is connected with the Zigbee module, as shown in Figure 3 . The connection of CC2520 [15] and ATMega128L [16] is very simple. CC2520 simulate four GPIO with six GPIO, including RF_FIFOP, RF_SFD, CCA and SFD. These pins indicate the sending or receiving data state. In the receiving mode, after receiving the separate delimiter of the start frame, the SFD pin is in high level until the frame is finish received. CCA is used to indicate if the current channel busy or not. CC2520 uses the RF_FIFO and RF_FIFOP pins to identify the RXFIFO state. If the RXFIFO received data, the RF_FIFO pin output high level. The FIFO pin output to low level if the RXFIFO underflow. The RF_FIFOP pin will output high level when the RXFIFO data exceeds a certain critical value or after CC2520 received a complete frame. It also output high level when RXFIFO underflows. ATMega128L exchanges data and control commands with CC2520 by SPI bus interface. ATMega128L access the CC2520's internal registers and memory through SPI bus and CC2520 act as the slave equipment, it receives the clock signal and the chip select signal from ATMega128L and executive input/output commands under control.
ATmega128L Connect with 915MHz
ATMega128L is connected with 915MHz, as shown in Figure 4 . 2014) Similar to ATmega128L and 2.4GHz communication module, ATmega128L access CC1101's internal registers and memory by SPI bus. Unlike the 2.4GHz band module, CC1101 [17] will generate an interrupt signal to MCU through GDO0 and GDO2. They can control software output useful internal state information.
Software Design
The Data Collecting Design of NANO130
The data collecting module is controlled by the NANO130 chip. The main function is to initialize the Watchdog, Power, SPI, I 2 C, Led, Button, UART. Enable ADC interface, which will collect sensor data according to the data types and data length, store the collected data into the data buffer. As shown in Figure 5 is the working process of NANO130.
NANO130 internal initialization
When rf_status=RF_START_SAMPLING，set the green led flash and colleting the data.
Collecting the data and generating the check code.
After sampling, stop the green leds flashing.
Calling the funciton to write the preamble,the data type, the length data into tx_dataBuf. Finally writing the check code.
Figure 5. Working Flow Chart of NANO130
NANO130 collects sensor data through core_prepareSensorData() and generates check code through core_prepareTxChecksum(). After collected the data, calling the rf_sendSensorData() function to write the preamble, data types and data into tx_dataBuf through the UART port. Finally writes a check code and send out.
The Design of a 915MHz ISM Band Transmission Module
The 915MHz data transmission module is controlled by ATMega128L which was connected CC1101 and CC1190 through SPI bus. The sending and receiving data flow chart as shown below: 
The Design of a 2.4GHz ISM Band Transmission Module
The 2.4GHz data transmission module is controlled by ATMega128L. It connects to CC2520 and CC2591 through SPI bus. The sending and receiving data flow chart as shown below: 
Performance Test
The Solar Power Test
The solar power module used a UP6182AQAG chip to charge to three AA batteries. We choose the Nanjing University of Information Science and Technology as the test place. The test time is 10am to 5pm of 2013-6-16. That day's minimum temperature is 26 degrees and the maximum temperature is 32 degrees.
The energy consumption diagram of data transmission in high power mode in the absence of solar powered module shows as below. X-axis represents the collected number of the voltage. Y-axis represents the voltage value of the node in real time.
Figure 8. Energy Consumption in the Absence of Solar Powered Module
The energy consumption diagram of data transmission in high power mode in the charge of solar powered module shows as below:
Figure 9. Energy Consumption in the Charge of Solar Powered Module
These two nodes located in the same place and set to launch in the same frequency. We can conclude two points according to the analysis above:
First, the power changed relatively stable in the charge of solar power. Second, the voltage drop is relatively slower in the charge of solar power supplement.
The Work Ability Test of the Node's Dual-processor
According to the node in different working mode, we tested out the current consumption of the dual-processor in the following 
The Test of Node's Signal Type
The structure of the node is divided into two parts, including Header and Data. The length of the Header is 4 bytes, including board_id with one byte, packet_id with one byte and a parent_id with two bytes. The length of the Data is 38 bytes, including 16 bytes of ANALOG data type, 8 bytes of SDI-12 signal data type, the reserved 4 bytes of RS485 data type, 4 bytes of COUNTER data type, 2 bytes of TEMPERATURE data type, 2 bytes of HUMIDITY data [18] type and 2 bytes of BATTERY data type. The signal types include single-ended analog signal, differential analog signal, digital signal, the SDI-12 type signal and the RS485 type signal.
The colleted hexadecimal meteorological data and the converted data shown as figure10.The wind value is named of "windir". The total value of radiation is named of "radiation". The wind speed is name of "winspd" and temperature and humidity represents the air temperature and humidity. 
The Communication Distance Test of 915MHz and 2.4GHz Dual-band Data Transmission
Experiments were taken in the campus of Nanjing University of Information Science and Technology. The campus is full of French phoenix trees, as interference to the signal of nodes. The open environment is the straight distance between the building roofs. The occluded environment is created with the buildings and trees. 1）Communication distance test of 2.4GHz module in opened environment [19] We located the sink nodes on a building roof. One observes the computer system and stand at the start point. The other one hold the node and move on towards an open field. Signals were emitted eight times per second. The test results are displayed in Table 2 Measurement scenario Measured current in low power Distance（m） 535 537 559 500 530
As shown in Table 3 , data transmission at 2.4GHz in an occluded environment was stable in the distance of 500m. Repeated five times, an average distance 532m can be obtained. As shown in Table 4 , data transmission at 915MHz in an opened environment was stable within the distance of 1989 meters. Repeated five times, an average distance of 2007 meters was obtained. As shown in Table 5 , data transmission at 915MHz in an occluded environment was stable in the distance of 980 meters. Repeated five times, an average distance 1006 meters was obtained.
3）Communication distance test of 915MHz module in opened environment
4）Communication distance test of 915MHz module in occluded environment
Conclusions and Future Work
In this paper, we have presented the system architecture of a wireless sensor node that is capable of addressing the strict requirements of intensive meteorological observation. According to the testing results, the solar power supply meets the requirement of the nodes on energy consumption. The node's computation power can dynamically meet different application's needs. It can be connected to various professional meteorological sensors and can be used to collect the sensor data completely. In addition, the communication distance of the node is improved obviously. The data transmission distance can reach more than 2000 meters in an open environment and 1000 meters in an occluded environment. But the node still has some disadvantages. The energy is consumed more quickly than other nodes. The problem has been considered to solve in our next version of the design. 
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